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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused k>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Inorganic chalcogenide glass was used. A gray-scale mask and technical field of depth pattern imprint 
technical invention This invention relates to manufacture of a gray-scale mask, and a depth pattern 
imprint procedure. 

Especially this invention relates to using inorganic chalcogenide glass for the information imprint to the 
substrate of the gray-scale mask of an analog extended with high resolution from production and a gray- 
scale mask. 

Background technique The gray-scale mask is useful to although [ of various three dimensions / 
manufacturing optical equipment ] mechanical and electric. For example, especially a gray-scale mask is 
used for producing the elaborate geometrical structure or the geographical feature which is needed for 
making the mechanical structure in the gestalt or the optical structure of an electrostatic field. A gray- 
scale mask may be used for the micro optical equipment for [ which has refractive power ] producing the 
complicated gestalt which reaches and is used for a diffractive optical element and which was defined 
clearly. For example, a gray-scale mask may be used for producing a small diffraction lens like the blaze 
phase zone plate lens used for an optical head which B. Block and A.Thornton apply on April 11, 1997, 
and refers to here and is quoted, and which is indicated by the United States patent application 08th / 
No. 833,608 (name of invention "the optical head ("Optical Head with a Diffractive Lens") equipped 
with the diffraction lens"). 

A gray-scale mask is a two-dimensional front face which has the optical transparency property of 
changing. The variate of an optical transparency property expresses three-dimension information like the 
profile of height thru/or the pattern of the depth. A gray-scale mask is used for imprinting three- 
dimension information to the resist layer on a substrate by photograph sensitization and development, 
and the adjusted resist thickness is left behind. Three-dimension information is included in the thickness 
by which the resist layer was adjusted, continues, is imprinted by the well-known etching process to a 
substrate, and, thereby, makes a desired depth pattern to a substrate according to it. Therefore, the 
substrate processed as a result will include the three-dimension information expressed as change of the 
optical transparency property of a gray-scale mask at the beginning as a physical profile. 
A gray-scale mask is made based on a transparent substrate like the glass which it comes to cover with 
the opaque metal layer which can be etched easily generally. A chromium compound (Chrome) is often 
used because a laminating and etching are easy in addition to other reasons. Gray scale can be made by 
copying the dot thru/or pixel which appears as a transparent hole of a chromium mask. For example, 449 
pages of Microelectronic Engineering No. (1994) 23, Y. - it is based on Oppliger and others - "-- 
formation () of the three-dimension configuration in optical and one step using the gray tone mask for 
the application of a micro electro nick [ "One-step 3D Shaping Using a Gray-Tone ] Mask for Optical 
and Microelectronic Applications"", 71 pages of 2783 SPIE(s) (1996), K - imprint - 0 of preparation of 
the gray tone lithography-mask data in "1 level by Reimer and others, and a pattern [ "One-Level Gray- 
Tone Lithography-Mask Data Preparation ] It is described by and Pattern Transfer"" and quotes with 
reference to [ here ] both reference. On the contrary, gray scale may be made from arranging an opaque 
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pixel on the transparent field. There were almost no needs for the gray-scale mask of the analog 
extremely extended with high resolution till recently. It can be made to extend by making a pixel 
smaller, approaching very much and arranging a pixel mutually, if the gray scale of an analog are 
required, and since this can be approximated more to a continuous transparency property in XY flat 
surface, it is useful. However, the gray-scale mask of the analog extended with high resolution is needed 
in order now to make the lens of the high resolution for the premature start slider in the optical head 
indicated by the United States patent application 08th / No. 833,608. 

The ingredient by which current use is carried out at the gray-scale mask causes a practical limitation of 
the resolution of a gray-scale mask. For example, if the direct writing by the electron beam (e-beam) is 
used, the small geometrical field to the line breadth of about 0.02 micrometers will be able to be drawn. 
However, the chromium compound currently generally used on a gray-scale mask cannot bear the same 
resolution as this. A chromium compound is an isotropic ingredient, and when it so etches with a liquid, 
the problem relevant to isotropic etching and the most remarkable thing are that it is also considering an 
undercut as a fault. Since the resolution and exact reappearance of three-dimension information of a 
gray-scale mask will be decided by the size of a pixel, homogeneity, and the accuracy of change after 
all, its undercut is not desirable. These parameters are restricted by the precision of the edge which the 
ingredient used for a gray-scale mask permits, a hole with a transparent pixel — be — an opaque dot - be 
- since it is demarcated by those edges, the size of a pixel is remarkably changed as the edge of a small 
pixel is indefinite. It is difficult to control the process of an undercut. Therefore, in an isotropic gray- 
scale mask ingredient like a chromium compound, the size of a pixel, homogeneity, and the accuracy of 
change are restricted. In addition, an undercut restrains that a pixel approaches mutually, and this 
accumulates it, and it restricts the escape of analog gray scale, an isotropic ingredient - setting — the 
rate of lateral etching - the etch rate to a lower part, and an outline - it is the same. Therefore, in the 
gray-scale mask of a chromium compound, the minimum distance between two pixels serves as a twice 
as many outline of the thickness of a resist as this. This limit is harmful especially when making the 
extended analog gray-scale mask. 

The undercut produced in a wet etching process may be able to avoid a chromium compound by 
carrying out dry etching. However, a dry etching process has the effectiveness which is not desirable as 
for others. A dry etching process will produce uncontrollable redeposition, therefore will cover a pixel 
out of an intention of an ingredient. Dry etching does damage to the ingredient of a mask and a substrate 
again. The damage to a mask ingredient produces the hole or the excessive pixel which is not expected 
to a mask, and the damage to a substrate will bar the permeability over the light of a gray-scale mask. 
The gray-scale mask made from the chromium compound has interference, a standing wave, and a 
problem in transfer of light like diffusion again. These problems originate in the reflective force of a 
chromium compound, and the front face made between etching processes, and become the unstable 
cause of an exposure in the depth from which a resist differs. 

One answerback to a request on the analog gray-scale mask which higher resolution extended is using 
the glass of high energy beam induction ("High Energy Beam Sensitive:HEBS") as indicated by U.S. 
Pat. No. 5,078,771 which refers to here and is quoted and which was given to C.Wu and others on 
January 7, 1992. Although HEBS glass can produce a high-definition gray-scale mask, for now, HEBS 
glass is not available glass commercially, therefore it is standardly difficult to receive. Usual is the glass 
substrate of a different presentation, HEBS glass requires special handling and a manufacturing cost 
attaches it highly. In addition, HEBS glass cannot be optimized to a concrete demand. HEBS glass 
becomes opaque by strong ultraviolet radiation, and restricts usable wavelength. Therefore, HEBS glass 
does not have the diactinism of a large band satisfying as a gray-scale mask. 
Epitome of invention The inorganic chalcogenide glass which can come to hand easily, selenium 
germanium, etc. are used for producing the gray-scale mask of high resolution. With one operation 
gestalt, the layer of the selenium germanium covered with sputtering or vacuum deposition by the 
substrate is equipped with a series of columns arranged at right angles to a substrate. Column structure 
makes it possible to demarcate and control a edge the diameter of a single column, and within the limits 
of about lOnm. 
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Especially column structure prevents the undercut in an etching process again, when wet etching is used. 
Therefore, the analog gray-scale mask which high resolution extended using chalcogenide glass like 
selenium germanium can be produced, and the size which is a pixel, homogeneity, and change are 
controlled correctly. 

A gray-scale mask is made from covering a substrate with a selenium germanium layer and covering this 
with an after that still thinner silver content layer. If it writes in with ultraviolet-rays light, an X-ray, or 
an electron beam, silver will be diffused in a selenium germanium layer. The optical dope is carried out 
with silver and the field where the selenium germanium layer was irradiated is not dissolved in an 
alkaline solution. Therefore, the field which is not irradiated is removed by etching simply the silver 
which was not diffused in the acidic solution, and it removes a lower layer selenium germanium layer 
with an alkaline solution continuously. The selenium germanium with which the optical dope of the 
silver was carried out remains, and an ultraprecise gray-scale mask is made. 

Some phenomena for using selenium germanium as the ingredient which excelled for the high resolution 
gray-scale mask arise. Since column structure is exposed to the edge of a pixel, the phenomenon of 1 
known as APODIZESHON ("apodization") is produced on the boundary of a edge. APODIZESHON 
raises resolution by attenuating interference. Moreover, since selenium germanium has a high rate of 
light absorption, this abolishes the standing wave effectiveness. In addition, there is edge sharp-ized 
effectiveness by the silver diffused in selenium germanium. 

The gray-scale mask of chalcogenide glass is used for stamping information as modulated thickness 
which changes continuously on the organic photoresist by which the laminating was carried out on the 
inorganic substrate, or the photoresist of inorganic chalcogenide glass. If a chalcogenide glass 
photoresist is used, the advantage of the high resolution of a chalcogenide resist and an advantage with 
both compatibility to the inorganic substrate of an inorganic resist are enjoyable. An inorganic resist 
imprints the gray scale information to a substrate easily after that. 

With other operation gestalten, selenium germanium is not wet etching and dry etching is carried out. 
With such an operation gestalt, selenium germanium does not need to include the structure of a column. 
Easy explanation of a drawing Drawing 1 - drawing 6 are the simple cross-sectional views having shown 
the mask substrate with which the approach of making a gray-scale mask is performed in inorganic 
chalcogenide glass by this invention. 

Drawing 7 - drawing 10 are the simple cross-sectional views having shown the substrate lens with which 
the approach of imprinting depth pattern information from a gray-scale mask to a lens substrate using an 
inorganic chalcogenide glass resist by this invention is performed. 

Drawing 10 A is the perspective view which fractured the zone plate lens produced using the approach 
by this invention in one half, and saw it from the front. 

Drawing 1 1 - drawing 13 are the simple cross-sectional views having shown the manufacture approach 
of the gray-scale mask by other operation gestalten of this invention. 

Drawing 14 - drawing 16 are the simple cross-sectional views having shown the manufacture approach 
of the mask by still more nearly another operation gestalt of this invention. 

Detailed description Change of an optical transparency property is used for expressing three-dimension 
data like the profile of height, or a depth pattern two-dimensional with a gray-scale mask. The 
information on a gray- scale mask is recorded as the small dot or pixel of various sizes and a pitch 
(namely, the number of the pixels per unit area). The method of using a pixel for forming gray scale 
should put together as Pulse-Density-Modulation; which uses the pixel of the pulse-width-modulation; 
(2) fixed size which uses the pixel of different size in a fixed pitch in a different pitch or :(1) (3) pulse 
width modulation, and Pulse Density Modulation which have three kinds. Since these approaches are 
well understood to this contractor, it will not be necessary to explain in more detail here. 
There is also a thing using the thickness modulation of an optical absorption layer as other methods of 
manufacturing a gray-scale mask. For example, the gray-scale mask which modulated thickness (as 
opposed to modulating a pixel) is producible. 

It depends for the accuracy and resolution of a gray-scale mask on the size of a pixel, homogeneity, and 
control of change. These properties are restricted by control of the precision of the edge of a pixel. It is 
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because a pixel is demarcated by the edge, so the area of a pixel is changed a lot as the edge of a pixel is 
irregular when especially a pixel is minute. In addition, in order to attain the extended analog gray scale, 
the degree of freedom of the process which a pixel is kept away mutually, or can be made to be able to 
approach and can be arranged is needed. 

Inorganic chalcogenide glass ("inorganic chalcogenide glass") has the property as an ingredient which 
excelled for making the gray-scale mask which high resolution extended. It adds to the element of twist 
electropositivity like germanium, and chalcogenide glass is a selenium ("selenium"), a tellurium 
("tellurium"), or sulftir ("sulfur"). 

** - it is the matter containing one of the chalcogen [ like ] ("chalcogen"). Therefore, the ingredients 
which chalcogenide glass contains are Se-germanium, Se-S-germanium, Se-Te-germanium, Se-Sn- 
germanium, etc. When a laminating is carried out as a film rather than 3 micrometers on a substrate, 
chalcogenide glass has the structure which consists of a series of columns, and each diameter is about 
lOnm. Column structure is perpendicularly arranged to a substrate and bars the undercut from a side face 
during etching. Probably, the edge which there was no undercut, and was etched in Se-germanium since 
the diameter of a column was small has the precision of about lOnm. Therefore, according to 
chalcogenide glass, a precise pixel can be made from microscopic **. 

The layer of inorganic chalcogenide glass, for example, the Se-germanium layer of the atomic weight of 
20%Se/80%germanium, becomes the photoresist/masking material of NEGATAIPU by carrying out an 
optical dope with silver (Ag). About the processing which carries out an optical dope by Ag, to this Se- 
germanium In 31 Applied Physics Letters No. 3 161 pages (August 1, 1977) A. "The new inorganic 
electron resist ("A New Inorganic Electron Resist of High Contrast") of high contrast" of Yoshikawa 
and others, Journal of Vacuum Science Technology In 16-volume No. 6 1977 pages (November, 1979 / 
the December issue) K — the high resolution photolithographic technique () of the bilayer for using for a 
wafer in L.Tai's and others "step and/or reflecting surface [ "Bilevel High Resolution Photolithographic 
Technique ] It argues about for Use with Wafers with Stepped and/or Reflecting Surfaces"" and quotes 
with reference to [ here ] these. 

After carrying out the laminating of the Se-germanium layer on a transparent substrate, Ag layer with 
the thin thickness of about lOnm is covered with RF sputtering or vacuum deposition on a Se- 
germanium layer. The laminating of Ag layer can perform a Se-germanium layer in the water solution of 
AgN03 by being immersed. If it writes in by the electron beam, the X-ray, or ultraviolet-rays light, 
irradiated Ag will be diffused in the column structure of Se-germanium, and fusing of the field irradiated 
by this to an alkaline solution like KOH will be lost. After that, etching removal is carried out with an 
acidic solution like HN03-HC1-H20, and Ag which has not received the exposure exposes a lower layer 
Se-germanium layer, and the Se-germanium layer which now was exposed and which is not doped — 
NH4 - it is removed using an alkaline solution like OH, KOH, and NaOH. The part of the Se- 
germanium layer by which the optical dope of Ag was carried out corresponding to the field irradiated 
by an electron beam, an X-ray, or ultraviolet-rays light is not influenced depending on an alkaline 
solution. Therefore, the gray-scale mask which has on a substrate the Se-germanium layer which Ag 
which remains as a negative of a gray-scale pattern diffused is made. A gray-scale mask may be used 
with the Se-germanium layer which Ag diffused, or etches a gray-scale pattern with a means like a well- 
known etching process ("reactiveion etching"), for example, reactive ion etching, chemical assistant ion 
beam etching ("chemically assisted ion beam etching"), and ion etching ("ion milling"), and is good also 
as a gray-scale mask substrate. 

If the write-in device of high resolution like an electron beam is used, it will be imprinted by the total 
thickness of a Se-germanium layer, an undercut twisting a gray-scale pattern substantially, and having a 
edge with a precision of lOnm. Since there is no undercut substantially, in a Se-germanium layer, the 
gray scale of a pixel which approached more nearly mutually compared with having been possible with 
an isotropic ingredient like a chromium compound can be made. According to the Se-germanium 
ingredient, the size of a pixel, homogeneity, and the control of change and contiguity-izing of a pixel 
which is needed for producing the analog gray-scale mask which super-high resolution extended are 
attained. 
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Using inorganic chalcogenide glass for making a high resolution gray-scale mask has other advantages. 
For example, Se-germanium has a high light absorption ratio, for example, it is 2.5xl05cm-l in 400nm, 
and leads to this losing a standing wave. Therefore, Se-germanium can avoid the disadvantageous side 
effect resulting from a standing wave [ illuminance / in the depth from which it differs in a resist ] like 
fluctuation. In addition, the process called APODIZESHON at the edge of a pixel arises. In 
APODIZESHON, interference declines for geometrical structure like the column structure looked at by 
Se-germanium glass which is not equal. Moreover, quick diffusion of Ag from a field to the irradiated 
field which is not irradiated produces edge sharp-ized effectiveness, and this compensates the diffraction 
effect. About this phenomenon, it is Solid State Technology. It argues about E.Ong of the page 155 of 
the June, 1984 issue, and "two or more layer resist for the optical lithography of a detailed line 
("Multilayer Resists for Fine Line Optical Lithography ")" by E.L.Hu, and quotes with reference to 
[ here ] this. 

In addition, since a Se-germanium layer is ****-like, it can be covered, without spoiling resolution also 
to the substrate which has the substrate which has a level difference thru/or the complicated topography. 
It is not necessary to perform spin-on (spin on) with a fluid, and this can be called advantage in the 
laminating of Se-germanium, in view of an environmental viewpoint. Furthermore, the laminating of Se- 
germanium is carried out on a transparent substrate to the ultraviolet-rays light of a large band. Since 
such a smaller pixel that the wavelength of light becomes short could be formed, this is an advantage. 
Moreover, the ingredient used for an etching process like a sodium hydroxide is [ that it is easy to 
control as compared with the ingredient used for etching of a certain kind of organic resist ] safe 
comparatively in environment. 

Therefore, when producing a high resolution gray-scale mask, inorganic chalcogenide glass like Se- 
germanium has especially very detailed pixel size, and if it connects with the gray scale of the extended 
analog, it can be said to excel an isotropic ingredient like a chromium compound. 

The gray-scale mask of Se-germanium can also be used for imprinting information to the organic resist 
on an inorganic substrate as a phase which imprints gray scale information to the substrate itself. 
However, inorganic chalcogenide glass can also be used as a photoresist of POJITAIPU instead of using 
an organic resist. Therefore, a gray-scale mask can stamp information as thickness modulated by the Se- 
germanium layer, and this is imprinted by the inorganic substrate. 

It is 28 Applied Physics Letters No. 3 145 pages (February 1, 1976) to use Se-germanium chalcogenide 
glass as a photoresist of POJITAIPU. 

It comes out. "The new application ("New Application of Se-germanium glasses to Silicon 
Mictofabrication Technology") to the silicon micro manufacturing technology of Se-germanium glass" 
of H.Nagai and others, It can set to 29 Applied Physics Letters No. 10 677 pages (November 15, 1976). 
A. New inorganic photoresist which carried out photograph dope use of Ag at Yoshikawa's and others 
"Se-germanium glass film () [ "A Novel Inorganic Photoresist Utilizing Ag Photodop ] It argues about in 
ginSe-germanium Glass Films"" and quotes with reference to these reference here. 
The Se-germanium layer has the alternative etching effectiveness useful as a positive photoresist. It 
becomes large an etch rate [ like NaOH-H20, KOH-H20, NH40H-H20, or (CH3) 2NH ] in an alkaline 
solution whose Se-germanium layer by which photograph sensitization was carried out is compared with 
the Se-germanium layer which has not been exposed. Therefore, the pattern of light may be irradiated 
from a gray-scale mask at the Se-germanium layer by which the laminating was carried out on a 
transparence substrate like a fused silica, without covering with Ag layer. When a Se-germanium layer 
is etched in an alkaline solution, the field which received more photon dosage is etched at a rate quicker 
than the field which received photon dosage few. 

Therefore, the Se-germanium resist layer which has the modulated thickness remains even after etching. 
The modulated thickness is good to imprint to the substrate itself by the well-known approach, reactive 
ion etching, chemical assistant ion beam etching, ion etching, etc. An inorganic chalcogenide resist has 
compatibility from an inorganic substrate ingredient rather than an organic resist. Therefore, there is 
almost no difficulty about the temperature rise leading to the resist flow in an ion etching process or 
other problems. 
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A gray-scale mask can also be made using a Se-germanium layer, without using Ag layer mentioned 
above. With such an operation gestalt, a Se-germanium layer acts as the photoresist/a masking material 
of POJITAIPU to a gray-scale mask. 

Furthermore, a gray-scale mask imprints the pattern to the photoresist of NEGATAIPU by arranging Ag 
layer so that a chalcogenide glass resist may be covered. With this operation gestalt, the excessive 
process which carries out etching removal of Ag which has not received the exposure in an acidic 
solution is needed, and the Se-germanium layer which is not doped is etched with an alkaline solution 
after that. 

As shown in drawing 1 , the process which produces a gray-scale mask using an inorganic chalcogemde 
resist can begin the Se-germanium layer 102 from carrying out a laminating on a transparent substrate 
100 like a quartz or fused-silica glass. The inorganic layer 102 can also consist of other chalcogenide 
glass, for example, Se-S-germanium, Se-Te-germanium, or Se-Sn-germanium. In a room temperature, 
the laminating of the Se-germanium layer 102 can be carried out by RF sputtering of vacuum deposition 
or Ar ambient atmosphere. However, sputtering produces the more excellent adhesion. The presentation 
range is not so important although the presentation of the Se-germanium layer 102 is the atomic weight 
of abbreviation Se80 and germanium20. Although the thickness of the Se-germanium layer 102 is about 
300nm, about 30-3000nm is sufficient as this range. 

As shown in drawing 2 , about lOnm thin Ag layer 104 deposits on the Se-germanium layer 102. (In 
other operation gestalten, although a layer 104 is an ingredient containing silver, it does not need to be 
pure silver.) On the other hand as law, there is a water solution which contains Ag in a room 
temperature, for example, the approach immersed in AgN03, about the substrate 100 which has the Se- 
germanium layer 102 in order to carry out the laminating of the Ag layer 104. 

As shown in drawing 3 , direct writing of the gray-scale pattern is carried out on the Ag layer 104 by the 
electron beam 106 combining pulse width modulation and Pulse Density Modulation. The exposure of 
an electron beam can be attained using a well-known technique in this industry. As shown in drawing 3 , 
the width of face of an electron beam 106 changes according to desired photon dosage. However, a 
gray-scale pattern can also be made using either Pulse Density Modulation or Pulse Density Modulation. 
Of course, a calibration and the optimization procedure of a process are used in order to attain a desired 
final depth pattern on a substrate, and to make a suitable gray-scale pattern. However, since this industry 
is sufficient as these procedures and it is known, the further detail is not explained here. 
Ag is diffused in the Se-germanium layer 102, and makes the irradiated field produce the Ag-Se- 
germanium layer 108 by drawing of an electron beam, as shown in drawing 4 . This Ag-Se-germanium 
layer 108 is not dissolved in an alkaline solution. 

As shown in drawing 5 , etching removal of the field which is not irradiated among the Ag layers 104 is 
carried out with an acidic solution like HN03-HC1-H20, H2S04-H202, or HC1-H2 0-H20, and, 
thereby, the Se-germanium layer 1 02 by which a lower layer is not doped is exposed. (With other 
operation gestalten, Ag of a field which has not received the exposure is also removable with other 
techniques like the reactive ion etching which used CF4, CF4+02, or C2F6+02.) 
Next, as shown in drawing 6 , the exposed Se-germanium layer 102 which is not doped is etched using 
KOH-H20. Other alkaline solutions, NaOH-H20, NH40H-H20, or (CH3) 2NH can also be used. 
(The Se-germanium layer exposed further is also removable with other techniques like the reactive ion 
etching which used C2F6+02.) . Therefore, the Ag-Se-germanium layer 108 is left behind on a substrate 
100, and makes the gray-scale Se-germanium mask 109. * 

Then, the depth pattern information on the gray-scale Se-germanium mask 109 is imprinted by the 
substrate, for example, makes a lens as follows. As shown in drawing 7 , a lens substrate 110 like fused- 
silica glass is covered by the Se-germanium resist 1 12 by way which was mentioned above. 
As shown in drawing 8 , the gray-scale Se-germanium mask 109 is used for illuminating the Se- 
germanium resist 112 using the mask alignment instrument and the light source 1 14 of a common type. 
Other lighting is well known by this contractor and it is also possible to use these. In addition, it can be 
used, the gray-scale mask made with chromium or other ingredients also enjoying the advantage using a 
chalcogenide glass photoresist. 
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Next, the Se-germanium resist 1 12 is etched in the water solution of KOH. 

The part which received many photon dosage among the fields of the Se-germanium resist 1 12 dissolves 
photon dosage at a rate quicker than the part received few. Therefore, as shown in drawing 9 after 
etching, the layer of the Se-germanium resist 112 with the modulated thin thickness proportional to the 
received photon dosage is left behind. 

Finally, a substrate 1 10 uses the process of a common type like reactive ion etching, and is etched. 
Chemical assistant ion beam etching, ion etching, or these three sorts of combination may be used 
instead. Since both the Se-germanium resist 1 12 and the substrate 1 10 are inorganic compounds, 
reproducible relation exists between the etch rate of a layer 1 12, and the substrate 1 10 with which the 
optimized gray-scale mask produces a desired profile. In addition, concern about the resist flow resulting 
from a temperature rise or the problem which is not desirable as for others is made into min. As shown 
in drawing 1 0 , the pattern from the gray-scale Se-germanium mask 109 is imprinted by the substrate 
112. 

As shown in drawing 1 0 , the top face of a substrate 110 contains the pattern of a three dimension. This 
pattern is a blaze zone plate lens as shown in the cross-sectional view of drawing 10 . Drawing 10 A 
shows this blaze zone plate lens more completely. During use, light penetrates the zone plate lens 1 1 1 
and connects a focus to the small point P. The lens of drawing 10 A is the MAG as explained by said 
quoted application 08th / No. 833,608. - It can be used as a part of read in head of an optical or optical 
disk drive, or read- write head. This lens can be mass-produced with a lithography technique. With other 
operation gestalten, the gray-scale mask by this invention can be used, and work pieces other than a lens 
can also be formed. In such a work piece, the substrate 1 10 contains two or more layers of an ingredient 
which is made of the body of a homogeneous ingredient, or is different. 

As shown in drawing 10 , top-face 1 10a of a substrate 1 10 is followed on the inclination of top-face 
1 12a of a germanium-Se layer, and this is defined with the consistency ( drawin g 8 ) of the pixel of a 
mask 109. The amount of the light which penetrates them and illuminates the part of the layer 1 12 of the 
pixel bottom increases, so that the consistency of a pixel or an opening hole is enlarged in a mask 109. 
The amount of germanium-Se removed during etching of a layer 112 decreases, so that the amount of 
the light which illuminates the part of the germanium-Se layer 112 increases. Therefore, the high part 
1 14 of a layer 112 expresses the field where the consistency of the pixel in a mask 109 or an opening 
hole is high. Moreover, the low part 1 16 of a layer 112 expresses the field where the consistency of the 
pixel in a mask 109 or an opening hole is low. 

Drawing 1 1 - drawing 13 show other operation gestalten of this invention, and the information on gray 
scale is encoded by the electron beam by controlling the dosage (for example, a coulomb/unit area) of an 
electron beam, when an electron beam pattern traces a resist top. If drawing 11 is referred to, the process 
by this operation gestalt can be begun from the phase which carries out the laminating of the 
chalcogenide glass layer 150 on a substrate 152. Although chalcogenide glass 150 can be formed in the 
thickness of about 200nm by sputtering, other laminating techniques and thickness can also be used. 
Then, the laminating of the silver content layer 154, for example, Ag2Se, with a thickness of lOnm is 
carried out on the chalcogenide glass layer 150 by ****(ing) glass 150 in AgN03 water solution. 
The structure of drawing 1 1 is exposed to an electron beam after that, and dosage (a coulomb/unit area) 
changes here as an electron beam traces the silver content layer 154. The amount of the silver diffused in 
chalcogenide glass for change of dosage continues and changes to the front face of a layer 150 by the 
method reflecting change of the amount of electron rays of an electron beam. 

Reference of drawing 12 removes the silver content layer 154 which remained for example, with KI/I2 
solution. With one operation gestalt, it is used for dissolving 74.5g KI and 12 [ 1 .75g ] in 50ml water, 
and dissolving the silver content layer which remains this solution. (About such a process, it is 
Appl.Phys.Lett.41 volume 10 No. 1002-1004 page (1982), and it is described by Singh's and others "the 
sub 50nm lithography ( M Sub-50 nm Lithography in Amorphous Se-germanium Inorgranic Resist by 
Electron Beam Exposure") of the amorphous Se-germanium inorganic resist by electron beam 
sensitization", and quotes with reference to this.) 

If drawing 12 is referred to, the chalcogenide glass layer 150 will receive etching after that with KOH- 
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H20, NaOH-H20, NH40H-H20, or an alkaline etching solution like 2(CH3) NH mentioned above. (A 
layer 150 can also be etched by reactive ion etching, as mentioned above.) . Since the amount of the 
silver diffused in chalcogenide glass depends for the etch rate of chalcogenide glass on the amount of 
the silver diffused in these depending on the amount of electron rays from an electron beam, the profile 
of the front face of the chalcogenide glass as a result of reactive ion etching becomes like drawing 12 
reflecting the amount of electron rays received into pattern NINGU of an electron beam. 
Subsequently, if drawing 13 is referred to, the profile of a layer 150 will be imprinted by the substrate 
152. This is attained with one operation gestalt by the reactive ion etching which used SF6, CBrF3, 
CHF3, or CF4 as process gas. The chalcogenide glass layer 150 is consumed in this process. Thus, 
analog profile information is imprinted from a layer 152 to a substrate 150. It comes to form germanium 
layer with one operation gestalt on a lower layer with a transparent substrate 150. germanium layer is 
used as a gray-scale mask relevant to light, ultraviolet-rays light, or an X-ray, and the profile 
information written in germanium layer is imprinted in other resist layers. 

with one operation gestalt, the profile information on germanium layer is imprinted by other resist 
(organic ****-- inorganic) layers in lithography, and this is imprinted next by glass or transparent layer 
like a quartz. A transparent layer can be used as a lens after that. 

Drawing 14 - drawing 16 show the modification of the above-mentioned invention. The substrate 200 is 
covered with the chalcogenide glass layer 202 and the silver content layer 204 which was mentioned 
above at drawing 1 1 . Pixel information is drawn in a layer 204 using an electron beam. 
Subsequently, if drawing 15 is referred to, the silver content layer 204 is removed, and etching removal 
will be carried out, and the part by which the chalcogenide glass layer 202 was not exposed will form 
window region 202a, and, thereby, will expose some substrates 200. 

Reference of drawing 16 uses the chalcogenide glass layer 202 as a mask for etching alternatively the 
part which the substrate 200 exposed. Subsequently, the chalcogenide glass layer 202 is removed. 
Also although a concrete operation gestalt is explained, and it illustrates and it excels in order to explain 
this invention, this invention is not limited to them. For example, the laminating of the layer which 
replaces with carrying out the laminating of the silver layer on chalcogenide glass, for example, contains 
silver like the layer of lOnm thickness of Ag2Se can also be carried out on chalcogenide glass. 
Moreover, thickness and a dimension only and can also use other thickness and dimensions. 
As mentioned above, germanium-Se which can also use other chalcogenide glass for example, by which 
germanium-S, AS2Se3, AS2S3, or a bismuth was doped can be used. (About germanium-Se which 
doped the bismuth, it is discussed by the "Bi-germanium-Se and the Ag/Bi-germanium-Se film 
("Plasma-Processed Obliquely Deposited Bi-germanium-Se and Ag/Bi-germanium-Se Films as Resist 
Materials")" as a resist ingredient by Appl.Phys.A 46,103-106 page (1988) Gupta and others by which 
the laminating was carried out aslant by which the plasma process was carried out, and it refers to here 
and quotes.) 

With one operation gestalt, a gray-scale mask can be made or a depth pattern can also be imprinted to a 
substrate, using Ag-Se-germanium as a photoresist of NEGATAIPU, using a Se-germanium layer as the 
photoresist / a gray mask ingredient of POJITAIPU. The gray-scale pattern formed in Se-germanium 
may be imprinted to a gray-scale mask substrate. The laminating of the layer of an additional ingredient 
can also be carried out without making the advantage of this invention lose. Furthermore, the laminating 
of the chalcogenide layer by other approaches or a silver layer can also be carried out, without deviating 
from the range of this invention which was possible and was specified by the claim like a layer and 
etching of a substrate. 
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- * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. Phase Which Carries Out Laminating of Chalcogenide Glass on 1st Substrate Phase Which Carries 
Out Laminating of the Silver Content Layer on Said Chalcogenide Glass, Said a part of silver content 
layer is alternatively irradiated by the gray-scale pattern. It is prodigal. Phase of diffusing silver in said 
chalcogenide glass within - scale pattern Etching removal of said silver content layer is carried out. It is 
said cull KOGENAIDOGA by silver removal. The silver which was made to expose a lath and was 
diffused in said chalcogenide glass is not removed. The phase to leave, The exposed chalcogenide glass 
is etched and it is said grace KERUPATA. It is on said 1st substrate about the layer of the chalcogenide 
glass which the silver expressing - N diffused. Phase to leave How to manufacture the gray-scale mask 
characterized by having. 

2. Said chalcogenide glass is a claim characterized by containing a selenium. Approach given in 1. 

3. Said chalcogenide glass is a claim characterized by containing germanium. Approach given in a term 
1. 

4. Said acidic solution is a claim characterized by being HN03-HC1-H20. Approach given in 1. 

5. Said exposed chalcogenide glass is an alkaline water solution containing a hydroxide. Approach 
according to claim 1 characterized by being etched in inside. 

6. Said silver content layer is ** irradiated by the electron beam, ultraviolet-rays light, or the X-ray. 
Approach according to claim 1 by which it is characterized. 

7. Said gray-scale pattern is ** characterized by including the set of a pixel. Approach given in **** 1. 

8. Pierce through the chalcogenide glass layer which said silver diffused, and it is E into said 1st 
substrate. By carrying out TCHINGU, it is the expression of said gray-scale pattern Said 1st [ the ] 
Approach according to claim 1 characterized by having further the phase imprinted to a substrate. 

9. Phase Which Carries Out Laminating of Chalcogenide Glass Resist on 2nd Substrate, - said 1st 
substrate equipped with the chalcogenide glass which said silver diffused - said cull KOGENA — the id 
- with the phase put and placed on a glass resist It lets said gray-scale pattern pass, and is said 
chalcogenide glass resist. Phase to illuminate So that the chalcogenide glass resist of the modulated 
thickness may remain Said KARUKO Phase which etches a GENAIDO glass resist It pierces through 
the chalcogenide glass resist of said modulated thickness, and is said 2nd radical. By etching into a plate 
Phase which imprints the expression of said modulated thickness to said 2nd substrate Claim 
characterized by imprinting the depth pattern characterized by having Approach given in 1 . 

10. Phase Which Carries Out Laminating of the Chalcogenide Glass Resist on 2nd Substrate, Stage 
which carries out the laminating of the 2nd layer which contains silver on said chalcogenide glass resist 
Story, Said 1st substrate equipped with the layer of the chalcogenide glass which diffused said silver is 
described above. The phase put and placed on the 2nd silver content layer, Said 2nd silver content layer 
is illuminated through said gray-scale pattern, and it is said GU. As a function of a ball-race kale pattern 
It is said chalcogenide about said illuminated silver. The phase diffused in a glass resist, The layer 
containing said 2nd silver is etched and it is cull KOGENAI by silver removal. Silver which was made 
to expose a DOGARASU resist and was diffused in said chalcogenide glass The phase which is not 
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* removed, Silver of the thickness which etched said chalcogenide glass resist and was modulated The 
phase of leaving the diffused chalcogenide glass resist, It pierces through the chalcogenide glass resist 
which the silver of said modulated thickness diffused. By etching into said 2nd substrate Table of said 
modulated thickness Phase which imprints ** to said 2nd substrate Direction according to claim 1 
characterized by imprinting the depth pattern which it comes to have Law. 

1 1 . Phase which carries out the laminating of the chalcogenide glass on the 1st substrate, Phase which 
illuminates said chalcogenide glass by the gray-scale pattern, The chalcogenide glass illuminated by said 
gray-scale pattern is removed. The layer of the chalcogenide glass expressing a ****** gray-scale 
pattern is said **. It is etching about said chalcogenide glass until it comes to be left behind on the 
substrate of 1 . Phase which carries out GU How to manufacture the gray-scale mask characterized by 
having. 

12. Phase Which Carries Out Laminating of the Chalcogenide Glass Resist on 2nd Substrate, — said 1st 
substrate equipped with the chalcogenide glass which said silver diffused « said cull KOGENA - the id 
— with the phase put and placed on a glass resist It lets said gray-scale pattern pass, and is said 
chalcogenide glass resist. The phase to illuminate, Said chalcogenide glass resist is etched in an alkaline 
solution. Phase of leaving the chalcogenide glass resist of the modulated thickness It pierces through the 
chalcogenide glass resist of said modulated thickness, and is said 2nd radical. By etching into a plate It 
is the expression of said modulated thickness Said 2nd [ the ] Phase imprinted to a substrate Approach 
according to claim 1 1 characterized by imprinting the depth pattern which it comes to have. 

13. Phase Which Carries Out Laminating of the Chalcogenide Glass Resist on 2nd Substrate, Stage 
which carries out the laminating of the 2nd layer which contains silver on said chalcogenide glass resist 
Story, It is said 1st substrate equipped with the chalcogenide glass which said silver diffused Said 2nd 

[ the ] The phase put and placed on the layer containing silver, The layer which contains said 2nd silver 
through said gray-scale pattern is illuminated. As a function of said gray-scale pattern It is said 
KARUKO about said illuminated silver. The phase diffused in a GENAIDO glass resist, The layer 
containing said 2nd silver is etched and it is said cull scorch by silver removal. A NAIDO glass resist is 
exposed and it is spread in said chalcogenide glass. The phase which it leaves, without **** removing, 
Silver of the thickness which etched said chalcogenide glass resist and was modulated The phase of 
leaving the diffused chalcogenide glass resist, It pierces through the chalcogenide glass resist which the 
silver of said modulated thickness diffused. By etching into said 2nd substrate Expression of said 
modulated thickness Phase imprinted to said 2nd substrate It is a publication to claim 12 characterized 
by imprinting the depth pattern which it comes to have. Approach. 

14. Layer to which the laminating of the chalcogenide glass which forms a gray- scale pattern was 
carried out Structure characterized by having the substrate which it has. 

15. Said chalcogenide glass is a claim characterized by containing a selenium. Structure given in 14. 

16. Said chalcogenide glass is a claim characterized by containing germanium. Structure given in a term 
14. 

17. In the layer of said chalcogenide glass which forms said gray-scale pattern Structure according to 
claim 14 characterized by having spread silver. 

18. Phase Which Forms Chalcogenide Glass Layer on 1st Substrate Phase Which Forms Silver Content 
Layer on Said Chalcogenide Glass Layer, An electron beam is applied to said silver content layer, and, 
thereby, it is said chalcogenide glass. The phase which writes profile information in a layer, Phase of 
removing said silver content layer Said chalcogenide glass layer is etched and it is written in with said 
electron beam. Phase which forms the profile expressing a ** pattern in said chalcogenide glass layer 
Approach characterized by having. 

19. Phase which imprints a pattern to said substrate through said chalcogenide glass layer Approach 
according to claim 1 8 characterized by having further. 

20. a layer top with said transparent substrate — germanium layer - having — thereby - after the phase 
of said imprint — are and the part to which said germanium layer was left behind expresses a gray-scale 
mask - the description The approach according to claim 19 of carrying out. 

21. Phase which carries out the laminating of the chalcogenide glass layer on a substrate Phase which 
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* irradiates said chalcogenide glass alternatively Said chalcogenide glass is etched and it is said KARUKO 
about a three-dimension pattern. Phase formed into GENAIDO glass Phase which imprints the three- 
dimension pattern in said chalcogenide glass to said substrate Approach characterized by having. 

22. Said substrate is transparent, said three-dimension pattern uses said substrate as a lens, and it is **. 
Approach according to claim 21 characterized by carrying out a **. 

23. It is the approach of using a gray-scale mask, and is said gray-scale mask. It has the chalcogenide 
glass layer by which thickness was modulated, and said approach is described above. Phase which 
irradiates a resist layer through the chalcogenide glass layer by which thickness was modulated It has 
and, thereby, is said register about the thickness pattern in said chalcogenide glass layer. Approach 
characterized by imprinting in a strike layer. 

24. Said resist layer is a claim characterized by being other chalcogenide glass layers. Approach given in 
a term 23. 

25. the approach of using a gray-scale mask - it is - said gray-scale mask a chalcogenide layer - 
having - said a part of chalcogenide layer - alternative - removal - A **** cage and said approach 
irradiate a resist layer through said chalcogenide layer, a phase - having - thereby - the gray scale 
information in said chalcogenide layer - before Approach characterized by imprinting in an account 
resist layer. 

26. By preparing a pixel into said chalcogenide layer, it is said GURESUKE. - RU information is claim 
25 characterized by said chalcogenide layer encoding. The approach of a publication. 
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